The high-temperature reaction of pure metals with silicon diimide Si(NH ) 2 in a specially developed radiofrequency furnace has been successfully applied to the synthesis of novel highly condensed nitridosilicates. With SrCO 3
as an additional starting material this procedure has now been extended to the synthesis of oxonitridosilicates and oxonitridoaluminosilicates (sialons In condensed silicates the SiO 4 tetrahedra are always connecof silica (SiO 2 ) with metal oxides or carbonates. However an ted through common vertices. A unique exception of this rule analogous broad synthetic approach seems to be difficult for is the so called 'fibrous' SiO 2 , which was assumed to be nitridosilicates. And even the hydrothermal method, which isostructural with SiS 2 containing edge-sharing SiO 4 tetrarepresents an important synthetic tool for the preparation of hedra.11 However the existence and the structure of this oxidic zeolites, could not be adapted and modified to an compound has not been unequivocally confirmed with modern analogous ammonothermal route yielding nitridosilicates. experimental techniques. In BaSi 7 N 10 , which is the highest For these reasons we have developed a novel synthetic condensed ternary nitridosilicate obtained so far, we identified SiN 4 tetrahedra which are connected by both corner-and edgesharing (Fig. 3) highly condensed network structures of connected SiN 4 tetrahedra are accessible, or if even less condensed network structures might be possible. It seemed to be specifically challenging also to build zeolite-analogous microporous network structures from SiN 4 tetrahedra. This was achieved with the synthesis of Ba 2
Nd 7 Si 11 N 23 (Fig. 4) . With a molar ratio of Si5N=11523 the degree of condensation is lower than in most oxidic zeolites (Al/Si5O=152 tetrahedra the nitridosilicates represent a significant structural extension of conventional oxosilicates. Up to now we have focused our work on pure nitridosilicates. The purpose of this paper is to outline the capability of our synthetic procedure and to discuss its limits. Furthermore we present an extension of this approach to oxonitridosilicates and also to oxonitridoaluminosilicates (sialons). All sialons known so far contain corner-sharing (Si,Al ) (O,N ) 4 tetrahedra and they represent a link between oxidic silicates and the nitridosilicates with partial substitution of the tetrahedral centres by aluminium.15 Owing to their outstanding mechanical properties these sialons have gained remarkable significance for the development of high-performance materials.16
Experimental
sharing of SiN 4 tetrahedra occurs independently of the degree of condensation (e.g. Ba 5 Si 2 N 6 ,13 BaSi 7 N 10 ), and edge-sharing 2.1 Radiofrequency furnace does not seem to compete with corner-sharing as both modes coexist in BaSi 7 N 10 . For the synthesis of nitridosilicates a specially developed computer processed radiofrequency (rf ) furnace is used for All nitridosilicates discussed so far show a very high thermal stability (up to 1600°C ) and they are hardly attacked by hot the inductive heating of the crucibles. The crucible containing the reaction mixture is positioned on a tungsten stand inside acid or alkali. Presumably this is a direct consequence of the high cross-linking in the Si-N network structures and its high a water cooled quartz reactor (Fig. 5 ). The reactor is surrounded by a water cooled induction coil wherein the crucible covalency. However the question arises, if due to the specific conditions used during their high-temperature syntheses only is centred. The induction coil is connected to a radiofrequency (1) and (2)]. working frequency depends on the crucible material and the gas atmosphere in the quartz reactor. For the selection of the 2 M+5 Si(NH) 2 CCCCCA
(1) crucible materials (e.g. tungsten, tantalum, graphite) specific properties like the chemical inertness and the electronic con-(M=Ca, Sr, Ba, Eu) ductivity at high temperatures are considered. For tungsten crucibles in an argon atmosphere a working frequency of 600 kHz is used. The energy transfer from the coil to the
crucible is relatively poor (coupling constant: 0.28). This is due to the spatial separation in our experimental setup (diam-(M∞=Ce, Pr) eter of the tungsten crucible: 24 mm, induction coil: 72 mm). Optimised tuning of the resonant cycle yields a maximum Silicon diimide Si(NH ) 2 is an amorphous and relatively undefined but reactive compound which converts to amorphous temperature of 2350°C with tungsten crucibles and above 3000°C with graphite crucibles. For the thermal control of the Si 3 N 4 at temperatures above 900°C. It is an important precursor for the technical production of Si 3 N 4 ceramics.17 crucible an external pyrometer is used. For reactions during which metals evaporate and condense on the inner surface of For the synthesis of silicon diimide CH 2 Cl 2 (50 ml, Merck, p.a.) was saturated with dried NH 3 (99.9%, BASF, dried by the quartz reactor power controlled temperature programs based on calibration curves obtained with empty crucibles are condensation on sodium and potassium) at −78°C under a purified argon atmosphere. A precooled solution of SiCl 4 used. The quartz reactor is connected to a vacuum line and an inert gas supply (Ar, N 2 ). With this experimental setup (20 ml, 0.17 mol; Merck) in CH 2 Cl 2 (30 ml ) was slowly added with stirring [eqn. (3)]. The suspension was then warmed to fast heating rates (500°C min−1) but also quenching of the reaction products is possible.
room temperature under a NH 3 atmosphere. The finely pow-vapour-solid ( VS),18 a vapour-liquid-solid ( VLS),19 or a liquid-solid (LS) mechanism is assumed for the synthesis of nitridosilicates. Preparative amounts of nitridosilicates as coarsely crystalline, single phase products are accessible by this procedure in short reaction times with metals melting at approximately 1000°C. Depending on the molar ratio of metal and silicon diimide in the starting mixture highly cross-linked or lower condensed nitridosilicates are produced.
Recently we extended our synthetic attempts to nitridoaluminosilicates and also to compounds in the system Si-Al-O-N. These oxonitridoaluminosilicates (sialons) are built up of corner-sharing (Si,Al ) (O,N ) 4 tetrahedra and they derive from the nitridosilicates by formal substitution of Si by Al and N by O. However owing to kinetic reasons such substitutions seem to be difficult starting from pure nitridosilicates or oxosilicates. Owing to its specific thermal behaviour SrCO 3 is a useful starting material for the synthesis of oxonitridosilicates. For the respective aluminosilicates we additionally used AlN. Additionally metallic erbium powder (ABCR, 99.9%) was added to the reaction mixture for the synthesis of dered residue was heated to 300°C and finally to 600°C. 2, accompanied by the evolution of hydrogen. Basically several crucible the mixture was then transferred into the quartz reactor of the rf furnace. Under pure nitrogen atmosphere the metals with melting points below 1600°C can be used for this procedure. Similarly to the formation of Si 3 N 4 whiskers a temperature was increased to 1200°C with a heating rate of The anisotropic temperature factor is given as exp [−2p2(U 11 h2a*2+…+2U 13 hla*c*)].
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